C alifornia is the largest dairy state in the United States, home to 1.8 million lactating cows producing approximately 24% of the nation's milk supply (1.6 billion kg yr -1 , Agricultural Statistics Board, 2007) . Th e dairy industry in California has increased in size every year since 1985, and along with this growth, challenges have emerged including environmental impacts, cost of animal feed, and shrinking availability of suitable farmland and water for dairy production.
Paramount among the problems facing the dairy industry is the impact the dairy industry has on the environment. A main environmental concern associated with the dairy industry is the emission of GHG. Th e primary GHG are methane (CH 4 ), nitrous oxide (N 2 O), and carbon dioxide (CO 2 ). Livestock are considered a major source of global CH 4 , together with N 2 O emissions from enteric fermentation and their manure (IPCC, 2001) . Contributions of CH 4 and CO 2 from lactating dairy cows are primarily derived from enteric fermentation and respiration (Jungbluth et al., 2001) , and to a lesser extent from stored manure (Shaw et al., 2007) . Livestock respiration contributes signifi cant amounts of CO 2 -approximately half of total CO 2 emissions from both humans and animals worldwide. Under the Kyoto Protocol, livestock contributions of CO 2 are not considered a net source, because the plant matter being consumed has previously sequestered atmospheric CO 2 (FAO, 2006) .
Methane production from cattle is a complex process that involves anaerobic bacterial fermentation and archaeal methanogenesis. During this process, rumen microbes convert ingested organic matter into energy for microbial growth, and into fermentation end-products, including volatile fatty acids, alcohols, H 2 , and CO 2 . Methanogenic archaea are able to take some of these end products (i.e., formate, acetate, MeOH, and CO 2 ) and reduce them with H 2 to produce CH 4 and H 2 O. Accumulated CH 4 and other volatile gases produced in the rumen are eventually expelled through the mouth into the atmosphere via eructation. Th e U.S. Environmental Protection Agency (USEPA, 2004) estimated CH 4 contributions from enteric methanogenesis to be 4.99 million tonnes annually, accounting for approximately 71% of total CH 4 contributions from agriculture in the United States.
Nitrous oxide, the most potent (heat trapping) GHG, is found in very small quantities in the atmosphere. However, it has a lifespan of up to 150 yr. Nitrous oxide is a product of enteric fermentation but total contributions of N 2 O from enteric fermentation are considered small (IPCC, 2001) . Th e literature on N 2 O emissions from enteric fermentation is extremely limited and thus additional research is needed to determine the contribution of this potent GHG.
Feeding the ionophore monensin (trade name Rumensin, Elanco Animal Health, Greenfi eld, IN) to dairy cattle has the potential to alter CH 4 production in the rumen, because it selectively reduces the levels of gram-positive bacteria that produce the majority of the substrates for methanogenesis. Monensin predominantly inserts into the gram-positive bacterial cell membrane and functions as an antiporter, translocating extracellular sodium (Na + ) or hydrogen (H + ) ions for intracellular potassium (K + ) ions (Russell and Houlihan, 2003) , destroying chemi-osmotic gradients across the bacterial membrane, resulting in the inability of the bacterium to synthesize adenosine triphosphate (ATP), which results in cell death (Tedeschi et al., 2003) . Gram-positive organisms are more likely to produce methanogenic substrates as their fermentation end products than gram-negative bacteria (i.e., formate, acetate, MeOH, etc.). Although monensin has little or no direct eff ect on methanogenic archaea, methane production should be reduced, due to the lower quantities of these methanogenic substrates (Russell and Houlihan, 2003) . Th e eff ect of monensin on N 2 O emissions has not been previously reported. Herberg et al. (1978) measured the excretion pattern and tissue distribution of [ 14 C] monensin in cattle, recovering approximately 95% of the labeled monensin in the feces, but not in urine. Davidson (1984) confi rmed that almost all of the monensin consumed was recovered in feces with very little recovery in urine and tissue. With such high recovery rates in the feces, it is possible that monensin could aff ect fermentation in both the hind-gut and the fresh waste, although no fi ndings have been reported in the literature.
Monensin is also reported to aff ect animal performance. Increased milk production was found by Sauer et al. (1998) and Gallardo et al. (2005) , but other workers found no eff ect of monensin on milk production (van der Merwe et al., 2001; Erasmus et al., 2005; Benchaar et al., 2006; Odongo et al., 2007) . Th us, additional studies are needed to determine the eff ect of monensin on milk production. Similarly, the eff ect of monensin on DMI varied across studies. In several recent studies, DMI did not diff er when cows were supplemented with monensin compared with unsupplemented control groups (Erasmus et al., 2005; Gallardo et al., 2005; Benchaar et al., 2006) . In a review of 228 trials, including 11,274 cattle, (Goodrich et al., 1984) , DMI decreased by 6.4% ( ± 5) when monensin was added to the diet (average 246 mg d -1 ), indicating considerable variability in response to monensin.
Milk fatty acid (FA) composition can be used as an indicator of activity of rumen bacterial species. Unsaturated FA in the rumen were reported to be more toxic to bacteria than more saturated FA, so rumen bacteria use biohydrogenation as a detoxifi cation reaction (Russell, 2002) . Butyrivibio fi brosolvens is one such species that uses biohydrogenation as a detoxifi cation mechanism (Kepler and Tove, 1967) , producing trans-11 octadecenoic acid (C18:1) from linoleic acid (Russell, 2002) . Butyrivibio fi brosolvens has been historically classifi ed as a gramnegative bacteria, though the species has a cell wall similar to a gram-positive bacteria (Cheng and Costerton, 1977) potentially making it sensitive to monensin.
Th e objectives of the study were to determine if feeding monensin to lactating Holstein cows aff ects the animal, GHG emissions, lactation performance, and microbial population structure of the gastrointestinal tract and fresh waste.
Materials and Methods

Animal Management
Eighteen primiparous lactating Holstein dairy cows from the University of California, Davis dairy herd were selected based on milk yield, parity, and days in milk (DIM). Cows were in early-to mid-lactation, averaging 103 ± 37 DIM and 556 ± 44 kg body weight. Cows were randomly assigned to one of two treatment groups of nine cows each, control (CON) and monensin (MON) fed animals. Within the two treatment groups, cows were randomly assigned into three groups of three cows each (experimental unit, n = 3). Th e study consisted of two phases: short-term eff ects of dietary monensin on GHG emissions after 14 d (Day 14) of feeding, and the long-term effect of the treatments on GHG after 60 d (Day 60) of continuous feeding of monensin. Th e six groups were started on the trial on six consecutive days (alternating CON and MON) allowing for all groups to be measured for GHG in the chamber in the same order. All cows were fed the same diet (total mixed ration, TMR) twice daily, formulated to meet the 2001 National Research Council (NRC, 2001) requirements for lactating cows. Th e TMR was top-dressed at each feeding event with pellets containing either 0 g t -1 (CON) or 441 g t -1 (MON) of monensin (as fed basis), which delivered either 0 or 600 mg d -1 monensin, respectively. Th e chemical composition of the diet (Tables 1 and 2 ) was analyzed by Cumberland Valley Analytical Services, Inc. (Maugansville, MD) for crude protein (CP), acid detergent fi ber (ADF), neutral detergent fi ber (NDF), and selected minerals (Ca, P, Mg, K, Na, Fe, Mn, Zn, and Cu). Th e concentration of monensin in the pellet was determined at Eurofi ns Scientifi c, Animal Health Testing Laboratory (Memphis, TN). Cows were housed at the University of California, Davis dairy with an arrangement of sand-bedded freestalls, a concrete exercise area, and free access to water.
Individual DMI was measured as the diff erence of feed DM off ered from feed DM refused. Cows were trained to use individual Calan electronic feeding gates (American Calan, Inc., Northwood, NH). Feed refusals were weighed twice daily while cows were in the milking parlor (0600 and 1800 h) and then fresh feed was off ered when the cows returned from the milking parlor. Cows were milked twice daily and milk yield was measured (Westfalia Surge, Naperville, IL). Milk samples were collected at consecutive evening and morning milkings before relocation of cows to the environmental chamber and preserved with 2-bromo-2-nitro-propane-1-3-diol (Dairy & Foods Labs, Inc., Modesto, CA) . A composite of the two samples was made and milk components (protein, lactose, fat, and solids) were analyzed using a Bentley 150 Infrared Milk Analyzer (Bentley Instruments, Inc., Chaska, MN). Milk and blood samples were collected on Days 14 and 60 and analyzed for milk urea nitrogen (MUN) and plasma urea nitrogen (PUN) using a Technicon Autoanalyzer according to method N-10a (Marsh et al., 1957) . Fatty acid composition of milk fat was determined by gas chromatography of methyl esters as described by DePeters et al. (2001) .
Environmental Chamber
Th e validation experiments that were conducted to evaluate the performance of the environmental chamber and gas monitoring system were described in Sun et al. (2008) . In short, the chamber . Th e chamber temperature was maintained at 20°C. Ambient temperature and relative humidity were measured in 10 min intervals using two HOBO sensors (Onset Computer, Bourne, MA) located inside the chamber. Typical dairy freestall housing conditions for three cows were simulated via three freestall stanchions at the west end of the chamber where animals could rest. Head gates were installed at the east end of the chamber where feed was off ered in bunks. Ad libitum water was provided by an automatic refi lling water bowl. Cows were milked inside the chamber with a mobile milking unit. Cow excreta (urine and feces) accumulated on the concrete fl oor until the chamber was cleaned (after 24 h). All reported gas measurements occurred from cow and fresh waste. Th e environmental chamber facility is certifi ed by the Association for Assessment and Accreditation of Laboratory Animal Care International (AAALACI), and the Institutional Animal Care and Use Committee (IACUC) approved the project to certify the health and welfare of the animals.
Chamber and Experimental Procedures
Th e chamber had one incoming and one outgoing air duct. Atmospheric analytical instruments were located in the attic space above the chamber to pull air samples through Tefl on tubing (12.7 mm ID, 0.25 m long) from each air duct immediately above the chamber ceiling. Background samples of the empty chamber were collected before the experimental periods to assess background concentrations of GHG concentrations in the incoming and outgoing air. After 1 h of empty chamber measurements, three cows were placed inside the chamber. Th e fi rst hour after cows entered the chamber was used to measure air emissions from cows only (emissions from enteric fermentation and respiration only; no waste present in chamber). In the proceeding 22 h, emissions from cows and waste were measured as waste accumulated over time without removal. After 23 h, cows were removed from the chamber and returned to the dairy.
Gas Measurements
Methane, N 2 O, and CO 2 from dairy cows and their excreta were continuously measured using a photoacoustic INNOVA 
Microbial Population Structure Analysis of Fresh Waste
Fecal Sample Collection
Fecal (colonic) samples were collected on Days 14, 30, and 60 from six CON and six MON cows. Immediately after sampling the material was placed on ice, and processed within 24 h of sampling.
Viable Counts of Bacteria and Chemical Analysis of Fresh Fecal Waste
All detailed microbial methods can be found in the supplemental material section of the present work. In short, samples were quantifi ed for viable bacteria by performing serial dilutions in phosphate buff ered saline that was vortex agitated for two min, plated onto brain heart infusion agar plates and incubated at 37°C for 3 d under normal atmospheric conditions or in an anaerobic chamber.
DNA Extraction from Waste Samples
From each colonic sample, two 0.5-g subsamples were taken for DNA extraction. DNA was extracted using a modifi cation of the MoBio UltraClean Fecal DNA Isolation Kit (MoBio, Solano Beach, CA) described previously (McGarvey et al., 2007) .
PCR Amplifi cation of 16S rRNA Genes and Library Construction
PCR amplifi cation of 16S rRNA genes was performed using the primers 27f (5' AGAGTTTGATCCTGGCTCAG 3') and 1392r (5' GACGGGCGGTGTGTAC 3') (Lane 1991) . PCR were performed as recommended by Polz and Cavanaugh (1998) to reduce bias in amplifi cation.
DNA Template Preparation, Sequencing, and Analysis
DNA templates were prepared and sequencing reactions performed. Th e predicted 16S rDNA sequences from this study were compared to 16S rDNA sequences in a BLASTable database constructed from sequences downloaded from the Ribosomal Database Project (Release 8.1; http://rdp8.cme.msu.edu).
Statistical Analysis
Methane, N 2 O, and CO 2 , as well as milk components, fatty acids, DMI, PUN, and MUN were analyzed using repeated measures analysis. Independent variables included day (Day 14 vs. Day 60), treatment (CON vs. MON), and the repeated time factor (h). Least-squares means were used to compare signifi cant categorical variables. A time by treatment interaction analysis was also included where signifi cant. Independent variables included treatment (CON vs. MON), day (Day 14 and Day 60), and a treatment day interaction. Signifi cance was detected using an alpha equal to 0.05. All analyses were conducted using SAS v. 9.1 (SAS Inst. Inc, Cary, NC).
Th e percent coverage of the total operational taxonomic units (OTUs) identifi ed in each sample was calculated using the equation C = 1 -(n/N) × 100 where C is the percent coverage, n is the number of singlet OTUs, and N is the number of clones examined. Each OTU was assigned to a phylum using the Classifi er software (Cole et al., 2003) which assigns an OTU sequence to a phylum using a naïve Bayesian rRNA classifi er trained on the known type strain 16S sequences. Once the OTU of each library were assigned to a phylum, pair-wise comparisons of the phyla within the libraries were performed using the Student's t test. In addition, comparisons of the 16S rDNA libraries were analyzed using the Library Compare software (Cole et al., 2003) , which estimates the likelihood that the frequency of membership in a given taxon is the same for the two libraries using the equation:
where N 1 and N 2 are the total number of sequences for library 1 and 2, respectively and x and y are the number of sequences assigned to an OTU from library 1 and 2, respectively. Th e percentage of a phylum in one library was considered signifi canly diff erent from another library if both statistical methods (Student's t test and Compare) were in agreement.
Results and Discussion
Gas Emissions
Th ere were no diff erences between treatments for the GHG emissions of CH 4 , N 2 O, and CO 2 for Day 14 or Day 60 (Fig.  1) . Odongo et al. (2007) reported a 7% reduction for CH 4 emissions over a 6-mo period when cows were fed monensin ranging from 307.3 to 708.1 mg d -1
; however, the diff erence in CH 4 emissions was not signifi cant until the fourth month of their study. Th us a decrease in CH 4 emissions in response to dietary monensin might occur only long term. Short-lived (3-6 wk) reductions of CH 4 emissions in beef steers were reported in the literature, but emissions eventually returned to pre-ionophore feeding levels (Guan et al., 2006 ). Short-lived CH 4 decreases in steers with emissions returning to control levels after 9 to 12 d were also reported (Carmean and Johnson, 1990; Rumpler et al., 1986) . Dry matter composition of the diet in the present study was similar to diets fed by Rumpler et al. (1986) and Carmean and Johnson (1990) (70-90% dry matter basis). Th ere was a decrease of CH 4 , N 2 O, and CO 2 emissions in the present study from Day 14 to Day 60 ( Fig. 1 ) for both treatments (P < 0.05). Cows were introduced into the chamber at 0800 h and over the 23 h residence time in the environmental chamber (Fig.  2) , there was a decrease of CH 4 , N 2 O, and CO 2 emissions for both treatments (P < 0.05). Th is can be explained because cows ruminate less at night compared with daytime. Kinsman et al. (1995) found CO 2 and CH 4 emissions increased after feeding and then declined to their lowest concentrations overnight. Sun et al. (2008) also observed a diurnal pattern with high levels during the day and decreasing levels at night. Th e accumulation of waste while cows were in the chamber did not correspond with the decrease in GHG emissions, indicating enteric fermentation is the primary source of GHG. Th is fi nding agrees with those of Sun et al. (2008) , who measured GHG emissions from waste after cows were removed from an environmental chamber. In the present study for Day 14, the average estimated emission rates of CH 4 , N 2 O, and CO 2 between treatments were 11.24 vs. 11.43, 0.02 vs. 0.02, and 512.4 vs. 531.56 g cow -1 h -1 for CON and MON, respectively. Emission rates of CH 4 , N 2 O, and CO 2 for Day 60 were 9.32 vs. 9.86, 0.01 vs. 0.01, and 444.83 vs. 460.91 g cow -1 h -1 for CON and MON, respectively. Methane emission rates were lower than those reported for both dry and lactating cows (Sun et al., 2008) but greater than the historical emission rate (Ritzman and Benedict, 1938) used by some of the air regulatory agencies.
Animal Performance
Animal performance measurements are reported in Table 3 . Dry matter intake was similar between treatments for both Day 14 and Day 60. Both MON and CON cows showed DMI similar to those reported by others (Phipps et al., 2000; Mackintosh et al., 2002; Odongo et al., 2007) . Th e maximum time of exposure to monensin in the present study was 60 d. Mackintosh et al. (2002) . Independent of comparing responses in DMI for MON vs. CON cows, the current study fed a dry chopped alfalfa hay forage-based ration (TMR 90% DM), in contrast to other studies that fed corn silage-based TMR. Corn silage constituted approximately 43.5% (Odongo et al., 2007) and approximately 35.4% (Phipps et al., 2000) of the diet DM. Erasmus et al. (2005) fed a chopped alfalfa (Medicago sativa L.) hay ration and did not observe an effect on DMI, although monensin was included at approximately one-third the level that was used in the present study. Gallardo et al. (2005) fed a partial mixed ration to cows grazing a mixedalfalfa pasture consuming approximately 22.9 kg d -1 , using a controlled release capsule providing 335 mg d -1 monensin and observed no eff ect on DMI. Dry matter intake did not change over time from Day 0 to Day 14 for either treatment, but DMI did increase over time from Day 0 to Day 60 (P < 0.05) regardless of the treatment. Tedeschi et al. (2003) suggested that the eff ect of monensin on DMI was a consequence of stage of lactation and subsequent energy requirement of the animal. Cows used in the present study were all in their fi rst lactation averaging 103 ± 37 DIM and 40.2 kg cow -1 d -1 of milk. In comparison, cows used in the studies by Odongo et al. (2007) and Phipps et al. (2000) were a combination of primiparous and multiparous cows averaging 92 and 49 DIM, and 26.1 and 26.7 kg cow
of milk, respectively. In contrast to the suggestion by Tedeschi et al. (2003) , cows in the present study and studies by Odongo et al. (2007) and Phipps et al. (2000) showed no eff ect of monensin on DMI though stage of lactation, parity, and subsequent energy requirement varied.
Milk yield did not diff er between treatments on Day 14 or Day 60 (Table 3) , which agrees with previous studies (Ramanzin et al., 1997; Erasmus et al., 2005; Benchaar et al., 2006) . Cows in the experiment by Odongo et al. (2007) that received monensin at varying levels with a maximum of approximately 708 mg d -1 (near the level fed in the present study) were not diff erent in milk yield compared with the control group. Phipps et al. (2000) reported increased milk yield when monensin was included at either 150 or 300 mg d . Gallardo et al. (2005) reported milk yield to be greater when monensin was supplemented at 335 mg d -1 for both short-term (0-150 DIM) and also long-term (305 d adjusted lactation) compared with the nonsupplemented control. Milk yield in the present study did not change over time from Day 0 to Day 14 for either MON or CON. Milk yield did increase from Day 0 to Day 60 (P < 0.05) for both treatments. Primiparous cows do not follow a similar lactation curve as commonly observed for multiparous cows, so the increase in milk yield over time might not be anticipated. In the present study, no diff erences were observed between treatments for percent fat, protein, lactose, or total solids in milk (Table 3) . Sauer et al. (1998) observed a temporary but significant reduction in percent milk fat, but no change in milk protein and solids concentration in response to the fi rst exposure to dietary monensin. Milk fat percent did not change when cows were exposed to monensin for a second time exactly 161 d after termination of the fi rst monensin exposure, indicating possible adaptations by the rumen microbial population. Benchaar et al. (2006) also reported a decrease in percent milk fat, but not in milk protein, with monesin feeding. In contrast, both milk fat percent and milk protein percent were reduced in response to monensin feeding (Phipps et al., 2000; Odongo et al., 2007) . Conversely, Ramanzin et al. (1997) observed no change in both percent milk fat and milk protein in response to monensin. Benchaar et al. (2006) observed a slight but signifi cant decrease in percent solids but no change in lactose. Mackintosh et al. (2002) observed an increase in lactose yield. Typically, the reduction in milk fat percent was often in response to an increase in milk yield as milk fat yield remained unchanged (Phipps et al., 2000) . Separating responses of milk components to monensin by feeding practices (TMR vs. individual components), studies featuring TMR feeding systems reported reductions in percent milk fat (Benchaar et al., 2006; Odongo et al., 2007) . Studies that fed monensin other than in a TMR similar to the present study did not report diff erences in milk fat percent (Ramanzin et al.,1997; van der Merwe et al., 2001) . Gallardo et al. (2005) fed a partial TMR in addition to a pasture-based diet and observed decreases in percent milk fat but not percent milk protein. Th ese fi ndings, as well as the fi ndings in the present study, with respect to milk fat percent are in agreement with a survey by Duffi eld et al. (2003) . Th e response of milk component production is diffi cult to explain as several studies featuring diff erent feeding systems and diff erent inclusion rates do not consistently report similar observations. Concentrations of PUN and MUN can be used as indicators of N utilization in the rumen. Th ere were no diff erences between CON and MON treatment cows for either PUN or MUN concentrations (Table 3) . Plasma urea N and MUN concentrations are closely related (Kauff man and St-Pierre, 2001 ), since urea enters milk from the blood by passive diffusion (Gustafsson and Palmquist, 1993) . Poos et al. (1979) reported increased PUN and decreased ruminal ammonia in lambs fed monensin. Similarly, increased PUN levels were observed with a decrease in rumen ammonia levels in lactating dairy cows in response to monensin treatment (Martineau et al., 2007) . Th ese fi ndings are not consistent with the current study. Martineau et al. (2007) reported no eff ect of monensin on MUN concentrations compared with an unsupplemented control, which agrees with the current study.
Fatty acid composition of the milk fat is presented in Table 4. At Day 14, C16:1 trans, C18: trans 11 were higher in MON vs. CON cows. Th ere was a trend of higher amounts of C18: trans 9 and C22:4 n6 in MON cows compared with CON cows. Monensin treated cows had greater amounts of fatty acids C20:5 and C22:4 n6 at Day 60 than CON cows, and tended to have a greater amount of C22:5 n3. Th ere were no diff erences between CON and MON for all C18:2 fatty acids at both Day 14 and Day 60, which is in agreement with Dhiman et al. (1999) . Previous research showed that monensin increased C18:2 concentrations (da Silva et al., 2007) . In the present study there were trends (P < 0.10) for increased concentrations of C18:1 fatty acids in MON treated cows compared with CON animals, which agrees with previous reports (Sauer et al., 1998; da Silva et al., 2007) . Th e amount of trans-11 octadecenoic acid (C18:1), which was reported to be produced by B. fi brisolvens (Russell, 2002) 
Microbiological Analysis of Fresh Waste
Culture analysis of the colonic samples taken from MON and CON animals revealed no diff erence in coliform, aerobic or anaerobic bacterial plate counts (Table 5) . To further analyze the colonic contents of the animals' 16S rRNA, gene libraries containing 1152 sequences from CON vs. MON cows were constructed monthly, for a total of 3456 sequences for each group. Th e levels of coverage for the OTUs within the MON-derived library was 87.6 and 88.3% for the CON-derived library. Th e 16S rRNA gene sequences in the libraries were classifi ed to the phylum level using the Classifi er software (Table 6 ). Using the Student t test, we were unable to detect any signifi cant diff erence at the phylum level between the libraries developed for MON and CON animals (P < 0.05). Th e Library Compare software was also unable to detect any signifi cant diff erence between total CON and total MON libraries down to the genus level.
Conclusions
Feeding monensin at a rate of 600 mg head -1 d -1 with an alfalfa-hay based ration did not change emissions of GHG (CH 4 , CO 2 , and N 2 O) compared with the nonsupplemented control. Previous studies reported no reductions in CH 4 when cows were fed high DM diets, similar to those in the present study, while in other studies, eff ects on CH 4 responses could be related to dietary composition. It is not clear if the type of diet is the primary factor in determining the eff ects of monensin on GHG reductions. However, it is possible that longer feeding applications of monensin may result in eff ects on GHG.
Animal performance (DMI, milk yield, milk components), ammonia emissions, and concentrations of PUN and MUN were not aff ected by monensin addition to the diet.
Th e microbial population structure of the animal colonic contents was not aff ected by monensin. It is possible that the ru- men microbiology was altered and that the bacterial populations in the colon were not. However, there were no changes in PUN and only small changes in milk fatty acids, which could suggest little rumen eff ect of monensin. Future experiments examining several locations within the gastrointestinal tract (rumen, ileum, and colon) are in preparation to examine this possibility. Potential areas for further investigation on the eff ects of monensin fed with a dry alfalfa hay forage-based ration could include: (i) feeding monensin in a step-wise inclusion rate, starting with low concentrations, compared with immediate start with high supplementation levels, and (ii) using rumen fi stulated cows to measure volatile fatty acid concentrations, rumen pH, and identify rumen microbial populations. Using rumen fi stulated cows would also allow for in vitro fermentation experiments to directly measure gas emissions from enteric fermentation while also determining the eff ects of introducing monensin in the ration at high concentrations, similar to the present study. 
